Plasmodium vivax has hepatocytic dormant stages, hypnozoites, that cause relapses. This work compared paired isolates from primary attacks and relapses obtained from 10 individuals in Brazil using the merozoite surface protein 1 gene, PvMSP1, as a genetic marker. Four samples from primary attacks contained genetically mixed parasites harboring the 2 major PvMSP1 allelic forms. PCR revealed the presence of these 2 forms in the relapse parasites of 2 patients, demonstrating that the activation of hypnozoites is not clonal. DNA sequences from paired primary/relapse samples demonstrated that the parasites from the primary attack are identical to those in relapse samples in which the same allele forms were detected in both infections. Studies on the naturally acquired humoral immune responses of these patients against a recombinant protein expressing the C-terminus PvMSP1 demonstrated an increase in the titers, affinity maturation, and predominance of the IgG1 subclass during the relapse.
Plasmodium vivax has hepatocytic dormant stages, hypnozoites, that cause relapses. This work compared paired isolates from primary attacks and relapses obtained from 10 individuals in Brazil using the merozoite surface protein 1 gene, PvMSP1, as a genetic marker. Four samples from primary attacks contained genetically mixed parasites harboring the 2 major PvMSP1 allelic forms. PCR revealed the presence of these 2 forms in the relapse parasites of 2 patients, demonstrating that the activation of hypnozoites is not clonal. DNA sequences from paired primary/relapse samples demonstrated that the parasites from the primary attack are identical to those in relapse samples in which the same allele forms were detected in both infections. Studies on the naturally acquired humoral immune responses of these patients against a recombinant protein expressing the C-terminus PvMSP1 demonstrated an increase in the titers, affinity maturation, and predominance of the IgG1 subclass during the relapse.
Plasmodium vivax is the most widely distributed human ma-P. vivax malaria relapses [2] as clinical attacks that appear after schizonticidal treatment and that are partly responsible for the larial parasite, causing Ç35 million cases annually [1] . In some parts of the world, including Brazil, where it reaches 70% of large socioeconomic burden of this human malaria. Unfortunately, the molecular basis of this phenomenon and its biologic all the yearly malaria cases, this is the most prevalent species.
significance remain elusive, mainly because of the difficulties in obtaining parasites from relapse cases. One study has been published to date on the molecular analy- ward, until they suffered their relapse, were all negative. These ern blot, and DNA sequence analysis have been described [5] .
patients did not return to malarial regions and 4 -24 weeks
Briefly, a polymorphic segment of the PvMSP1 gene was amplified after treatment developed new clinical symptoms. Thus, these by PCR; the products were resolved on 1.5% agarose gels, blotted, new attacks were strictly due to relapses and not to reinfections.
and hybridized to a probe representing conserved PvMSP1 seSome of these patients had been previously exposed to P. vivax quences. PCR fragments were cloned and both DNA strands from malaria; therefore the primary attack is considered to be the 2 independent colonies were sequenced.
first following the latest travel to malarial areas.
Naturally acquired humoral immune responses. A glutathione
PCR/Southern blot analysis. A polymorphic segment of S-transferase fusion protein expressing the C-terminal region of PvMSP1 was used to determine the naturally acquired humoral the gene encoding PvMSP1 has been extensively used as a immune responses from these patients [6] . Titers, IgG subclass, genetic marker to determine the extent of allele polymorphism and affinity determinations were performed as described [6, 7] .
of wild isolates [5, 8 -11] and recently in the molecular analysis of relapses [3] . Accordingly, we used this same PvMSP1 gene segment to characterize the strains present in the primary atResults tacks and relapses of the 10 P. vivax patients. The results demonstrated the presence of the two main PvMSP1 allelic Patients. Epidemiologic data from the 10 patients who participated in this study are summarized in table 1. Samples were forms, previously described in parasite populations from the / 9d3f$$fe26 12-23-97 08:53:41 jinfa UC: J Infect relapses of 6 patients, were cloned and sequenced, and their deduced amino acid sequences were compared (figure 2). The presence of the PvMSP1 type 1 allelic form was confirmed in 2 patients, type 2 [13] in 5 patients, and type 3 in 3 patients. The deduced amino acid sequences from the PCR fragments representing the parasite populations of the primary attack were identical to sequences obtained from the PCR fragments of the relapse populations in patients 1, 6, 7, and 8 and in the type 2 allelic form of patient 9. Yet, all the individual paired primary/relapse samples were different from each other due to DNA sequence microheterogeneity. In patients 9 and 10, a different PvMSP1 allelic form not detected in the primary attacks was identified in the parasites from relapses. Thus, patient 9 had parasites of the type 2 and 3 forms in the primary attack and of types 1 and 2 in the relapse, while patient 10 had the type 2 form initially and type 3 in the relapse (see Discussion) .
Naturally acquired humoral immune responses. We used a recombinant protein expressing the C-terminal region of PvMSP1 to determine the naturally acquired humoral immune response from 7 patients during the primary and relapse attacks. Initially, we determined the antibody titers and IgG subclasses and showed that, except for 2 patients whose primary attacks 
patients.

Discussion
Brazilian Amazon [5] ( figure 1A, C) . Six of the primary attack
The patients in this study were treated with World Health samples contained parasites representing one or the other of Organization -recommended doses of primaquine [14] and inthese two allelic forms, while 4 contained mixed populations dividually surveyed to guarantee completion of the treatment. harboring both forms ( figure 1A, C) . Significantly, two Moreover, none of these patients returned to malarial regions PvMSP1 allelic forms were detected in the parasites from rebefore their relapses. These data suggest the existence of primalapse samples from patients 8 and 9, demonstrating that the quine-resistant Brazilian isolates and reinforce the importance activation of hypnozoites is not clonal (see Discussion). The of establishing specific studies to clarify this most relevant specificity of all these results was further demonstrated by epidemiologic aspect of vivax malaria. hybridization of Southern blots from agarose gels with a conOnly one study on the molecular analysis of P. vivax strains served PvMSP1 gene probe ( figure 1B, D) .
from paired primary and relapse infections has been published DNA sequence. The sizes of the PCR fragments and the to date [3] . In it, two different polymorphic segments from the intensity of the hybridization shown in figure 1 cannot distingenes encoding the MSP1 and circumsporozoite surface protein guish between the allelic forms named type 1 [12] or type 3 were used as the genetic markers. In the present study, the [8] because of their similar sizes (Ç450 bp), nor can they same PvMSP1 gene segment was used to characterize parasites reveal new intragenic recombination events leading to similar of paired primary and relapse samples from 10 P. vivax patients sizes and sequences or the extent of sequence heterogeneity infected in the Brazilian Amazon. Similar to information in among them. Accordingly, the different PCR fragments from the report mentioned above, DNA sequence analysis revealed that the parasite strains from the primary and relapse attacks 12 paired samples, obtained during the primary attacks and / 9d3f$$fe26
12-23-97 08:53:41 jinfa UC: J Infect Paired primary (P) and relapse (R) samples from 6 patients were amplified, cloned, and sequenced. Black, stippled, and white boxes represent interspecies conserved segments, polymorphic segments, and polyglutamine repeats of PvMSP1 gene [12] , respectively. Amino acid substitutions, deletions, or insertions are represented by vertical lines. DNA sequences from all these samples can be accessed (GenBank nos. AF002181 -AF002190).
were identical in patients harboring the same PvMSP1 allelic cule in natural infections [6] . Accordingly, we used a recombinant protein expressing the PvMSP1 C-terminus to study the forms in both infections. Significantly, in 4 of our 10 patients, mixed parasites were detected in the primary attack and these anti-PvMSP1 IgG responses of these patients. The results demonstrated that the relapsing parasites could induce a specific same mixed populations were detected in the relapsing parasites of 2 patients. The Plasmodium genome is haploid during the boost of the IgG anti-PvMSP1 immune responses, as determined by an increase in the titers, maturation of affinity, and asexual blood stages, and the PvMSP1 gene is single-copy; consequently, these results demonstrate for the first time that predominance of the cytophilic subclass IgG1 in the majority of these patients. However, these specific anti-PvMSP1 IgG the activation of hypnozoites is not clonal.
Several of the patients who participated in this study had antibodies were unable to completely eliminate relapsing parasite populations carrying these allele forms. Unfortunately, at been previously exposed to P. vivax malaria (table 1) . Consequently, these studies cannot exclude the possibility that the present it is not possible to associate these widely maintained allele form sequences with the function of the MSP1 protein, relapsing parasites of some of these patients arose from previous P. vivax infections. Indeed, detection of a different allelic which remains elusive. Furthering these studies by including isolates from other geographic regions and new genetic markers form in the relapse parasites from patient 9 is most likely explained by such a situation. In the case of patient 10, howshould help in elucidating the molecular basis of relapses and the biologic significance of that basis in natural parasite populaever, lack of detection of the allelic form type 3 in the primary attack is likely due to insufficient numbers of parasites carrying tions of P. vivax. this form, since this patient had never before been exposed to malaria-causing organisms. Similar results were described in Acknowledgments 1 of the patients from the Craig and Kain study [3] . Regardless, we failed to detect new PvMSP1 allelic forms other than those
We are grateful to all the patients who participated in this study, already described for this gene segment in 142 isolates from to Marcia A. Sperança, Gabriela Levitus, and Alejandro Katzin for helpful discussions, and to Marcelo U. Ferreira for critical four continents and six countries [3 -5, 8 -13] . Microsporidia, obligate, intracellular, spore-forming paracytozoon bieneusi causes most microsporidia-related disease in the United States; however, many other microsporidia gensites, cause diarrhea and a wasting syndrome in persons with era have been described as the etiologic agent in human dis-AIDS. Although microsporidia have been described in immueases. nocompetent patients, most cases occur in AIDS patients with Three Encephalitozoonidae members have been associated suppressed CD4 cell counts [1] . In this setting, microsporidia with disease in humans: Encephalitozoon cuniculi, Encephalicause a wasting syndrome associated with diarrhea and malabtozoon hellem, and Encephalitozoon intestinalis (previously sorption [2] . Of the microsporidia that infect humans, Enteroknown as Septata intestinalis) [1] . It appears that these microsporidia can disseminate widely in their hosts, and involvement of most organs by these organisms has now been docu-
